about the difference of intestinal microbiota of C. ectenes, which may be affected by external factor including geographic difference and water quality. Therefore, this study is aimed to investigate the community structure and species composition of intestinal microbiota of C. ectenes, compare the differences among the intestinal microbiota of C. ectene from different geographical locations, and explore the factors that influence the intestinal microbiota of C. ectene.
Materials and Methods

Sampling
C. ectenes samples were collected from China's Lake Taihu in 2015 ( Figure 1 ). Sixty-seven fish were collected form Gongshan (GS), Jiaoshan (JS) and Xishan (XS) of Lake Taihu (Figure 2 ), and their total lengths and body heights were measured. The samples were aseptically collected in sterilized plastic bags and kept cold at 4°C with ice bags during transport to the laboratory.
Eleven gut samples collected from the GS of Lake Taihu were marked as group A. The group of thirteen gut samples collected from JS1 of Lake Taihu were marked as group B. Fifteen and thirteen samples from JS2, JS3 of Lake Taihu were marked as group C and group D. Meanwhile, fifteen samples collected from the XS of Lake Taihu were marked as group Tx01. The total length, body height, and location of sample point were summarized in Table 1 .
Ethical approval:
The research related to animals use has been complied with all the relevant national regulations and institutional policies for the care and use of animals.
DNA extraction and sequencing
The entire guts were squeezed and rinsed by asepsis injector with sterile phosphate buffered saline to remove intestinal contents. The total genomic DNA of intestinal content was extracted using the PowerFecal® DNA Isolation Kit (50) (MoBio Laboratories, Inc., Carlsbad, CA) in accordance with the manufacturer's manual. The quality of DNA extracted was assessed by agarose gel electrophoresis with 0.7% w/v agarose in Trisborate-EDTA buffer. The high-throughput sequencing of V4 of 16S rRNA was completed by the Illumina Miseq platform. 
Analysis of water quality
The water quality of the sampling sites for C. ectenes was also tested. These parameters included total nitrogen (TN), dissolved total nitrogen (DTN), ammonium nitrogen (NH 
Bioinformatics and statistical analysis
High-quality sequence alignments were performed using mothur open sourced software to remove error sequences [20] and Qiime to remove chimera sequences [21] . After the high-quality sequence was clustered at 97% similarity threshold using Qiime [21] , operational taxonomic units (OTUs) were obtained and noted using the same software [22] . A Venn diagram was constructed using mothur open sourced software. The microbial composition of each group was obtained at different taxonomic taxa in terms of OTUs using Qiime. A cladogram of microbial communities was created using MetaPhlAn [23] on the basis of microbiota abundance. Heatmap of 50 classified dominant genera was performed using R. The statistical significance and correlation analysis were analyzed using R. The function prediction of microbiota was performed by phylogenetic investigation of communities by reconstruction of unobserved states (PICRUSt) [24] based on the abundance of OTUs, and aligned with Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
Results
Microbial richness and biodiversity
A total of 654,595 high-quality sequences were obtained from 671,659 usable raw sequences after NAST alignment. Eventually, 2,803 OTUs were obtained at 97% similarity level from all samples. Group A had the highest number of OTUs at 1,807, followed by group C (n=1470), whereas group Tx01 achieved a lower number of OTUs at 1,144 ( Table 2) . The mutual and unique OTUs are shown in Venn diagrams for each group (Figure 3) . Notably, 313 OTUs were shared by all groups. Group A contained the highest number of unique OTUs at 673, followed by group D (n=356), group C (n=277), group B (n=265) and group Tx01 (n=223). A total of 53 phyla and 730 classified genera were identified from all samples. At phyla level, 43 phyla were included in group A. 39 and 37 phyla were observed in group D and C, and only 35 phyla in group B and C. At genus level, 242 genera were found in group A, followed by group D, B, Tx01 and C, respectively ( Table 3) .
The dominant abundant microorganism (>1% relative abundance) were members of Planctomycetes, Firmicutes, Proteobacteria, Bacteroidetes, Cyanobacteria, Crenarchaeota, Actinobacteria, and Verrucomicrobia ( Figure 4) . 
Microbial community compositions
The eight phyla that dominated more than 1% of the abundance in at least one group were Planctomycetes, Firmicutes, Proteobacteria, Bacteroidetes, Cyanobacteria, Crenarchaeota, Actinobacteria, and Verrucomicrobia, respectively ( Figure 5 ). The intestinal microbiota compositions showed significant differences between sampling sites. Most notably, Planctomycetes was the most abundant phylum in all samples accounting for 39.5%-76.5%%, which has less abundance in group A (39.5%) than other group. Firmicutes (4.2%-14.7%) and Proteobacteria (4.3%-13.6%) were also dominant in all groups. Firmicutes has the most abundance in group A with 14.7% and a least abundance in group Tx01 with 4.2%. Proteobacteria has a most abundance in group A with 13.6% and a least abundance in group B with 4.3%.
Bacteroidetes is far more abundant in group A (18.5%) than in those of the other groups (2.9%-4.8%). Similarly, Cyanobacteria are dominant in group Tx01 accounting for 17.4% and Crenarchaeota accounted for 5.9% in group B, respectively, but are less abundant in the other groups (1.1%-3.7% and 0.2%-2.7%, respectively). Acidobacteria accounted for 0.2% in group C and Tx01, and 1.0% in group D. Actinobacteria accounted for 0.8% in group C and 3.5% in group A. Verrucomicrobia accounted for 1.4% in group A and B, 2.0% in Tx01. Forty-two dominant genera above 0.5% of the abundance is shown in Figure 6 . Obviously, an unclassified genus of Pirellulaceae is the most dominant in all the groups, accounting for 28.5%-49.0%. Except for group Tx01, an unclassified genus of Bacteroidales is the second most abundant in groups A, B, C, and D, accounting for 10.1%, 19.9%, 28.8%, and 17.1%, respectively. An unclassified genus of Gemmataceae is the second most abundant genus, accounting for 16.9% in group Tx01 but accounting for 0.90%-2.6% in other groups. Five classified genera, including Bacteroides (0.40%-1.50%), Faecalibacterium (0.50%-4.90%), Halomonas (0.60%-3.50%), Mycobacterium (0.30%-5.10%) and Oscillospira (0.60%-3.50%), are abundant in C. ectenes. Meanwhile, the intestinal microbiota compositions showed significant differences between groups. Halomonas (0.60%-3.50%), Oscillospira (0.60%-3.50%), Faecalibacterium (0.50%-4.90%), Rhodococcus (0.20%-1.20%), Desulfuromonas (0.00%-1.40%), and three unclassified genera from Helicobacteraceae, Bacteroidales, and Actinomycetales are far more abundant in group A than in the other groups. Mycobacterium is more abundant in groups B, C, and D than in the other groups.
Clustering analysis of abundant classified genera
Heatmap analysis of the 50 relatively most abundant classified genera within all groups is determined ( Figure  7) , which revealed the five most abundant classified genera including Bacillus, Lactococcus, Sphingomonas, Halomonas, and Ochrobactrum, with higher average relative abundance above 0.5% that are dominant in at least three samples. Interestingly, 35 classified genera 
The prediction of function of the microbiome
PICRUSt analysis showed that the environmental information processing, genetic information processing and metabolism are the crucial KEGG pathways in the microbiome community (Figure 8) . The results also show that amino acid metabolism and carbohydrate metabolism of metabolism pathway, the membrane transport of environmental information processing pathway, the replication and repair of environmental information processing pathway and energy metabolism of metabolism pathway possessed the main functions of genes.
Analysis of water quality
The parameter of water quality at sampling sites is shown in Table 4 . The difference between sampling sites was analyzed. A significant difference was found in the concentration of DTP between GS and JS (p<0.05, p=0.035). 
Discussion
Although a slight difference was present among all the groups, Planctomycetes, Firmicutes, Proteobacteria, Bacteroidetes, Cyanobacteria, and Crenarchaeota remained as the key components of the intestinal microbiota in C. ectenes. In our study, Planctomycetes was the most abundant phylum in all of the groups investigated, which is a typical aquatic bacteria isolated from diverse aquatic habitats such as freshwater lakes, brackish water and sea water, as well as from a hot spring [25] . Previous studies have shown a compositional diversity of the intestinal microbiota of different fish species. Proteobacteria was the most predominant, followed by Firmicutes, in the intestinal microbiota of gibel carp [4] . Proteobacteria was the predominant phylum in rainbow trout [26] . Meanwhile, Proteobacteria, Firmicutes, and Actinobacteria were predominant in grass carp [27] . Cyanobacteria, Proteobacteria, Actinobacteria, and Bacteroidetes were detected as the predominant phyla in invasive Asian silver carp and gizzard shad [8] . Furthermore, the guts of channel catfish, largemouth bass, and bluegill were dominated by Fusobacteria, followed by Proteobacteria [28] . Obviously, although these studies distinctly showed small differences in intestinal microbiota among fish species, Proteobacteria, Firmicutes, Actinobacteria, Cyanobacteria, and Bacteroidetes remained as the dominant phyla in most of the fish guts. More importantly, Planctomycetes had a higher abundance in intestine of C. ectenes than other fishes. Consequently, Planctomycetes may be a special phylum in intestine of C. ectenes.
On the other hand, there were obvious differences in different fishes at genera level. The results showed that Bacteroides, Faecalibacterium, Halomonas, Mycobacterium and Oscillospira were abundant genera in intestine of C. ectenes. The diet containing high levels of protein and fat strongly influenced the abundance of Bacteroides in gut [17, 29] . Faecalibacterium was created as a new genus, while previous Fusobacterium prausnitzii was renamed Faecalibacterium prausnitzii [30] . Previous studies showed that the reduction of F. prausnitzii was associated with a higher risk of Crohn disease [31, 32] and F. prausnitzii may be a potential probiotic in Crohn disease treatment [32] . Halomonas genus was halotolerant or halophilic, Gram negative, aerobic and rod-shaped bacteria, which was usually found in gut of animals [33] . Mycobacterium may be a potential pathogen and has been detected in zebrafish [34, 35] . Oscillospira is an enigmatic bacterial genus that has never been cultured and was detected in human gut [36] . Oscillospira is butyrate producers, and at least some of them have the ability to utilize glucuronate, a common animal-derived sugar that is both produced by the human host and consumed by that host in diets rich in animal products [37] . Consequently, the members of these genera may play a key role in intestine of C. ectenes in terms of nutrient metabolism and disease prevention. The results also demonstrated that the intestine of C. ectenes is a complex ecosystem, which constructed a close relationship between the host and different resident microorganisms. Although the phyla in intestine of fish were similar among different fishes, but genera showed a great deal of the difference. In grass carp, Anoxybacillus, Leuconostoc, Clostridium, Actinomyces, and Citrobacter were the main genera [27] . In gibel carp, Veilonella, Streptococcus, Lactobacillus and Rothia were important genera [4] . In rainbow trout, four genera including Acinetobacter, Cetobacterium, Pseudomonas, and Psychrobacter were predominant [26] . The results further confirmed that the composition of intestinal microbiota of the fish depended mostly on the species of the fish [2] .
Cyanobacteria play a vital role in aquatic food webs [38] , the members of which are important foods for certain fish [39, 40] . In this study, Cyanobacteria was dominant in the gut of C. ectenes. The high abundance of Cyanobacteria suggested its potential role as a major food source for C. ectenes, although the fish mainly feeds on cladocerans, copepods, naupliis, and caridinas [41] . Similarly, a previous study also detected that Cyanobacteria in invasive Asian silver carp and gizzard shad serves as food source [8] .
In our study, the microbiota composition of group B, C and D that were obtained from JS showed more similar profiles at phylum level. Similarly, analysis of microbiota composition at genus level also showed that the microbiota composition of group B, C and D that were obtained from JS showed more similarity. Moreover, the microbiota composition of Group A showed more significant differences that other groups at phylum level. Planctomycetes was most abundant phylum in all sampling sites, but abundance of Planctomycetes from Gongshan was significantly lower than that of other sampling sites. Bacteroidetes and Firmicutes were significantly higher in group A from Gongshan. Cyanobacteria was significantly abundant in group Tx01 from XS. A previous study has shown that although living in the same environment, fish intestines contained distinct bacterial populations [3] . Analysis of microbiota composition at genus level showed that microbiota composition of group A was more abundant than that of other groups and the microbiota composition of group Tx01 was lower than that of other groups. The results showed the intestinal microbiota compositions of the C. ectenes obtained from the same location presented more similar profiles, and the intestinal microbial compositions of C. ectenes from different geographical locations showed considerable differences. In our study, the gut of C. ectenes from the same location achieved more similar profiles than those of C. ectenes from different locations, and a more significant difference of microbial community composition was found among the samples from different geographical locations. The result suggested that geographical location may critically influence the composition of the fish intestinal microbiota. In particular, the intestinal microbiota of C. ectenes was sensitive to the host habitat. Similarly, a previous study observed that the intestinal microbiota of the fish was affected by sampling locations [8] . The cause of location variation remains unknown but could include some differences in water chemistry, diet, and the types of environmental microorganisms in different locations, even host intrinsic factors, such as immunology, nutrition, and gastrointestinal development and physiology [7] . Analysis of differences in water qualify showed that the water quality of sampling sites exhibited significant difference in the concentration of DTP, NH4 + -N and NO 2 − -N. A significant positive correlation was detected between OTU abundance and TN concentration. Correlation analysis suggests that the OTU abundance of the intestinal microbiota was affected by the TN concentration of the aquatic environment. Therefore, the TN concentration potentially participates in shaping the intestinal microbiota of C. ectenes. Nitrogen, as an essential element that maintains the physiological metabolism of most bacteria, was possibly transferred from the water to the gut of C. ectenes. More importantly, the TN concentration of the aquatic environment could contribute to the geographic variation in gut microbiota composition. We also found a significant positive correlation between OTU abundance and Chl-a. The Chl-a probably come from Cyanobacteria because of presence of large amounts of Chl-a in Cyanobacteria. This result also proved that the Cyanobacteria may be an important component in C. ectenes.
The water quality may be an important parameter for living environment of fish [10, 11] , so the water quality monitoring could be extremely effective in helping protect the survival and reproduction of C. ectene. According to our result, there is a positive correlation between the concentration of total nitrogen and chlorophyll-a in the water and diversity of intestinal microbiota. Therefore, the concentration of total nitrogen and chlorophyll-a could make an initial understanding of intestinal microbiota diversity of C. ectenes. An appropriate concentration of total nitrogen or chlorophyll-a may increase survival rate under artificial feeding condition of C. ectenes.
In the microbiome community, the crucial KEGG pathways were environmental information processing, genetic information processing and metabolism. It was obvious that these pathways are essential physiological process for bacteria cell, revealing that the function of microbiome may play an important role in the nutrition and health of host.
Conclusion
In conclusion, we investigated the composition and diversity of the intestinal microbiota of C. ectenes and achieved a basic understanding of the fish's gut microbiota. Our results demonstrated the presence of a complex community structure and abundant species composition in the intestinal microbiota of C. ectenes. We also found that geographical location was an important determinant for the fish's intestinal microbiota. The intestinal microbiota of C. ectenes would be influenced by the concentrations of total nitrogen and chlorophyll-a in the water. An appropriate concentration of total nitrogen may help increase variety of microbiota to increase survival rate under artificial feeding condition of C. ectenes. The water quality may be an important parameter for living environment of fish, and the water quality monitoring could be extremely effective in helping protect the survival and reproduction of C. ectene. These findings eventually contribute to benefit the protection of fish resources in Lake Taihu, China and provid the cornerstone to sustainable utlization of C. ectenes.
